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ABSTRACT
A few years after its discovery as a magnetar, SGR 1935+2154 started a new burst-active phase on
2020 April 27, accompanied by a large enhancement of its X-ray persistent emission. Radio single
bursts were detected during this activation, strengthening the connection between magnetars and fast
radio bursts. We report on the X-ray monitoring of SGR 1935+2154 from ∼3 days prior to ∼3 weeks
after its reactivation, using Swift, NuSTAR, and NICER. We detected X-ray pulsations in the NICER
and NuSTAR observations, and constrained the spin period derivative to |P˙ | < 6×10−11 s s−1 (3σ c.l.).
The pulse profile showed a variable shape switching between single and double-peaked as a function
of time and energy. The pulsed fraction decreased from ∼ 34% to ∼11% (5–10 keV) over ∼10 days.
The X-ray spectrum was well fit by an absorbed blackbody model with temperature decreasing from
kTBB ∼ 1.6 to 0.6–0.7 keV, plus a non-thermal component (Γ ∼ 1.2) observed up to ∼25 keV with
NuSTAR. The 0.3–10 keV X-ray luminosity increased in less than four days from ∼ 4× 1033 erg s−1 to
about 2.5×1035 erg s−1 and then decreased again to 1.4×1034 erg s−1 over the following three weeks of
the outburst. We also detected several X-ray bursts, with properties typical of short magnetar bursts.
Keywords: Magnetars(992) — Neutron stars(1108) — Radio pulsars(1353) — Transient sources(1851)
— X-ray bursts(1814)
1. INTRODUCTION
Magnetars are isolated X-ray pulsars with spin periods
in the 0.3–12 s range and large spin-down rates, imply-
ing particularly strong surface dipolar magnetic fields of
the order of B ∼ 1014–1015 G (see Kaspi & Beloborodov
2017; Esposito et al. 2018, for recent reviews). These ob-
jects have a persistent X-ray luminosity of LX ∼ 1031–
1036 erg s−1, which is thought to be powered by the in-
stabilities and decay of their extreme magnetic fields.
Among isolated neutron stars, magnetars are the most
variable, with an unpredictable bursting activity. They
emit short (<1 s) and bright (Lpeak ≈ 1039–1041 erg s−1)
bursts in the X-ray band, either sporadically or clus-
tered in “forests” (e.g., Israel et al. 2008). These bursts
Corresponding author: A. Borghese
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are often accompanied by an enhancement of the X-ray
persistent flux, up to three orders of magnitude above
quiescence. Then, the flux usually relaxes back to the
pre-outburst level on months/years timescales (Coti Ze-
lati et al. 2018). Recently, magnetar traits have been
observed also in high-B pulsars (e.g., Gavriil et al. 2008;
Archibald et al. 2016), X-ray pulsars with dipolar fields
as low as 6 × 1012 G (e.g., Rea et al. 2010, 2012b), and
the central source of the supernova remnant RCW 103
(e.g., Rea et al. 2016; D’Aı` et al. 2016; Borghese et al.
2018). These findings started to show how magnetar-like
emission might be more common within the neutron star
population than previously expected.
SGR 1935+2154 (SGR 1935 hereafter) was discovered
in 2014, when the Burst Alert Telescope (BAT) on board
of the Neil Gehrels Swift Observatory (Gehrels et al.
2004) triggered on a short burst (Stamatikos et al. 2014).
A follow-up campaign confirmed the source as a mag-
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Table 1. Observation log and spectral parameters.
Instrumenta Obs.ID Start Stop Exposure Count rateb kTBB RBB Flux
c
YYYY-MM-DD hh:mm:ss (TT) (ks) (counts s−1) (keV) (km) (10−11 cgs)
Swift/XRT (PC) 00033349044 2020-04-23 15:16:16 2020-04-23 15:49:27 2.0 0.012±0.002 – – 0.04d
Swift/XRT (PC) 00968211001 2020-04-27 19:41:56 2020-04-27 20:15:09 1.8 0.37±0.01 1.6±0.1 0.58±0.05 4.3±0.3
NICER/XTI 3020560101 2020-04-28 00:38:31 2020-04-28 16:21:20 4.7 2.88±0.04 1.00±0.02 0.96±0.02 1.83±0.05
Swift/XRT (PC) 00033349045 2020-04-28 18:00:36 2020-04-28 21:37:41 2.9 0.077±0.005 0.89+0.07−0.06 0.59+0.09−0.06 0.42±0.04
Swift/XRT (WT) 00033349046 2020-04-29 13:07:57 2020-04-29 13:32:57 1.5 0.09±0.01 0.77+0.14−0.11 0.75+0.31−0.17 0.36+0.07−0.06
NICER/XTI 3020560102 2020-04-29 13:47:17 2020-04-29 14:05:20 1.1 0.88±0.05 0.65±0.01e 1.10±0.05 0.33±0.02
Swift/XRT (PC) 00033349047 2020-04-29 17:54:22 2020-04-29 18:27:38 2.0 0.072±0.006 0.76+0.08−0.07 0.75+0.17−0.12 0.32±0.04
NICER/XTI 3655010101 2020-04-29 21:31:57 2020-04-29 21:48:40 0.8 0.43±0.04 0.65±0.01e 1.00±0.05 0.28±0.02
NICER/XTI 3655010102 2020-04-30 00:37:56 2020-04-30 07:09:40 5.3 0.57±0.02 0.65±0.01e 0.98±0.04 0.26±0.01
NICER/XTI 3020560103 2020-04-30 13:02:45 2020-04-30 13:17:20 0.8 0.56±0.04 0.65±0.01e 0.97±0.05 0.26±0.02
Swift/XRT (PC) 00033349048 2020-04-30 05:29:05 2020-04-30 18:27:53 1.9 0.054±0.005 0.85+0.11−0.09 0.54+0.15−0.10 0.28+0.05−0.04
Swift/XRT (WT) 00033349049 2020-04-30 07:10:24 2020-04-30 11:47:56 1.5 0.05±0.01 0.85+0.21−0.14 0.57+0.28−0.16 0.32+0.08−0.06
Swift/XRT (PC) 00033349050 2020-05-01 02:03:14 2020-05-01 22:42:20 2.1 0.056±0.005 0.82+0.10−0.08 0.57+0.14−0.10 0.28+0.05−0.04
Swift/XRT (WT) 00033349051 2020-05-01 12:58:08 2020-05-01 13:20:56 1.4 0.05±0.01 0.51±0.09 1.5+1.0−0.4 0.20±0.04
NuSTAR FPMA/B 80602313002 2020-05-02 00:06:09 2020-05-02 20:31:09 37.1/36.9 0.175±0.003 0.63+0.07−0.06 0.67+0.28−0.14 0.32±0.01
Swift/XRT (WT) 00033349053 2020-05-02 11:50:05 2020-05-02 13:28:56 0.7 0.06±0.02 0.76+0.15−0.12 0.73+0.36−0.19 0.31+0.08−0.07
Swift/XRT (PC) 00033349052 2020-05-02 16:33:41 2020-05-02 23:02:54 1.2 0.027±0.005 0.86+0.21−0.14 0.43+0.19−0.11 0.19+0.06−0.05
Swift/XRT (WT) 00033349055 2020-05-03 12:55:54 2020-05-03 13:23:56 1.7 0.020±0.009 0.76+0.21−0.16 0.55+0.42−0.17 0.17+0.05−0.04
Swift/XRT (PC) 00033349054 2020-05-03 22:23:05 2020-05-03 22:48:52 1.5 0.050±0.006 0.82+0.11−0.09 0.56+0.15−0.10 0.27±0.05
Swift/XRT (PC) 00033349056 2020-05-04 01:47:23 2020-05-04 18:04:51 3.4 0.040±0.003 0.80±0.07 0.52+0.11−0.07 0.20±0.02
Swift/XRT (WT) 00033349057 2020-05-04 12:40:56 2020-05-04 13:07:56 1.6 0.07±0.01 0.92+0.12−0.10 0.54+0.15−0.10 0.42+0.07−0.06
Swift/XRT (PC) 00033349058 2020-05-05 03:17:19 2020-05-05 13:01:52 1.9 0.034±0.004 0.62+0.09−0.07 0.77+0.28−0.17 0.13±0.02
Swift/XRT (WT) 00033349059 2020-05-05 20:40:09 2020-05-05 21:02:56 1.4 0.05±0.01 0.63+0.10−0.08 0.88+0.32−0.19 0.19±0.04
Swift/XRT (PC) 00033349060 2020-05-06 06:36:44 2020-05-06 08:20:52 1.3 0.031±0.005 0.62+0.11−0.08 0.71+0.31−0.18 0.11±0.02
Swift/XRT (PC) 00033349061 2020-05-07 09:30:09 2020-05-07 20:56:54 3.7 0.035±0.003 0.61±0.05 0.86+0.18−0.13 0.11±0.02
Swift/XRT (PC) 00033349062 2020-05-10 04:28:08 2020-05-10 22:15:52 3.2 0.043±0.004 0.75+0.08−0.07 0.64+0.13−0.09 0.23±0.03
Swift/XRT (WT) 00033349063 2020-05-10 06:01:43 2020-05-10 10:56:56 3.2 0.030±0.007 0.63+0.07−0.06 0.89+0.24−0.15 0.20±0.03
NuSTAR FPMA/B 80602313004 2020-05-10 23:51:09 2020-05-11 20:31:09 38.5/38.2 0.140±0.002 0.59±0.05 0.67+0.22−0.13 0.27±0.01
NICER/XTI 3020560104 2020-05-11 14:30:54 2020-05-11 16:18:40 1.3 0.36±0.04 0.65±0.01e 0.84+0.05−0.04 0.19±0.01
Swift/XRT (WT) 00033349064 2020-05-13 02:22:52 2020-05-13 07:29:55 1.9 0.025±0.007f 0.69±0.10 0.61+0.23−0.13 0.14±0.03
Swift/XRT (WT) 00033349065 2020-05-13 09:03:52 2020-05-13 10:30:56 1.3 0.025±0.007f 0.69±0.10 0.61+0.23−0.13 0.14±0.03
Swift/XRT (WT) 00033349066 2020-05-15 00:31:07 2020-05-15 03:58:39 3.5 0.059±0.006 0.63+0.07−0.06 0.83+0.23−0.15 0.16±0.03
aThe instrumental setup is indicated in brackets: PC = photon counting, WT = windowed timing.
b Count rate in the 0.3–10 keV range, and computed after removing bursts. For NuSTAR we choose the 3–25 keV range, summing up the two FPMs.
c Observed 0.3–10 keV flux in units of 10−11 erg cm−2 s−1.
dThe flux is estimated using webpimms (see text for details).
eThe blackbody temperature was tied up among these data sets (see text for details).
fThese observations were combined to increase the signal-to-noise.
netar with spin period P ∼ 3.25 s and spin-down rate
P˙ ∼ 1.43× 10−11 s s−1, implying a dipole magnetic field
B ∼ 4.4 × 1014 G at the pole and characteristic age
τc ∼ 3.6 kyr (Israel et al. 2016). SGR 1935 has been
quite active since then, with intense outbursts in Febru-
ary 2015 and May–June 2016 (Younes et al. 2017b) and
frequent bursting activity (Lin et al. 2020a).
SGR 1935 reactivated on 2020 April 27–28, emitting
a forest of X-ray bursts (e.g., Palmer & BAT Team
2020; Younes et al. 2020) accompanied by an increase
of the persistent X-ray flux, as typical in magnetar out-
bursts. More interestingly, two millisecond radio bursts
temporally coincident with a double-peaked hard X-ray
burst were detected from the direction of the source
(The CHIME/FRB Collaboration et al. 2020; Bochenek
et al. 2020; Li et al. 2020; Mereghetti et al. 2020; Tavani
et al. 2020), strenghtening the long suspected connec-
tion between magnetars and fast radio bursts (FRBs;
see Cordes & Chatterjee 2019; Petroff et al. 2019 for
reviews). However, besides these radio bursts, radio
The X-ray reactivation of SGR1935+2154 3
pulsed emission has not been detected so far from the
source (e.g., Younes et al. 2017b; Lin et al. 2020b).
This Letter reports on the results of our monitor-
ing campaign of SGR 1935 with Swift, NuSTAR, and
NICER, covering the first ∼20 days since its reactiva-
tion. We describe the observations (§2) and report our
timing and spectral analysis as well as a search for short
bursts (§3). Summary of the results and discussion fol-
low (§4).
2. OBSERVATIONS AND DATA REDUCTION
We report in Table 1 the log of the observations used
in this work. Data reduction was performed using tools
in the heasoft package (version 6.27.2). Photon arrival
times were referred to the Solar system barycenter using
the source Chandra position (RA = 19h34m55.s598, Dec
= +21◦53′47.′′79, J2000.0; Israel et al. 2016) and the
JPL planetary ephemeris DE 200. In the following, we
adopt a distance of 6.6 kpc (Zhou et al. 2020) and quote
all uncertainties at 1σ confidence level (c.l.).
2.1. Swift
After the Swift/BAT trigger, SGR 1935 was moni-
tored almost daily with the Swift/XRT (Burrows et al.
2005) either in photon counting (PC; timing resolution
of 2.51 s) or windowed timing (WT; 1.8 ms) modes. The
data were reprocessed and analysed with standard pre-
scriptions.
In the first XRT observation performed after the BAT
trigger, a dust scattering ring was detected around the
source, extending from ∼1 to 2 arcmin (Kennea et al.
2020; Mereghetti et al. 2020). This structure was no
longer observed in a pointing performed the following
day (a detailed study of this structure will be presented
in a future paper). We collected the source photons from
a 20-pixel circle (1 pixel = 2.′′36). Background counts
were extracted from a region of the same size for WT
data and an annulus with radii of 100 and 150 pixels,
centered on the source, for the PC observations.
2.2. NuSTAR
SGR 1935 was observed with NuSTAR (Harrison et al.
2013) twice, on 2020 May 2 and 11. The two focal plane
modules FPMA and FPMB observed the source for a to-
tal on-source exposure time of 75.6 and 75.1 ks, respec-
tively. We used the tool nupipeline to create cleaned
event files and filter out passages through the South At-
lantic Anomaly. The source counts were collected within
a circular region of radius 100 arcsec, while the back-
ground was estimated from a 100-arcsec circle on the
same chip of the target. In both pointings, SGR 1935
is detected until ∼25 keV. We ran the script nuprod-
ucts to extract light curves and spectra and generate
response files for both FPMs.
2.3. NICER
NICER (Gendreau et al. 2012) observed SGR 1935 six
times for a total on-source exposure time of ∼ 14 ks. The
data were processed via the nicerdas pipeline, with
the tool nicerl2 with standard filtering criteria. The
background count rate and spectra were computed from
NICER observations of the RXTE blank-field regions
using nibackgen3C50.
3. ANALYSIS AND RESULTS
3.1. Timing analysis
For the timing analysis, we selected events in the 1–
5 keV energy band for NICER and 3–20 keV for NuS-
TAR. The data sets of NICER observations performed
on the same day were merged to increase the source
signal-to-noise ratio. We did not include Swift/XRT
observations in our timing analysis due to their poor
counting statistics.
We calculated a power density spectrum (PDS) for
all time series to search for the spin signal, assuming
a 3.5σ detection threshold for the signal (using the al-
gorithm by Israel & Stella 1996), taking into account
all the frequencies in the PDS. Pulsations were signif-
icantly detected over a blind search only during the
first NuSTAR observation. The signal was then found
in the second NuSTAR observation and in the NICER
combined pointings IDs. 3655010101+3655010102 by
looking in the range of periods P ± ∆P (at 3σ; the
P˙ component can be neglected) around the value mea-
sured in the first NuSTAR data set. The period values
were then refined by means of a phase-fitting technique.
We obtained the following results: P = 3.24733(2) s
for the combined NICER data sets (April 29–30), P =
3.247331(3) s for the first NuSTAR observation (May 2)
and P = 3.24734(1) s for the second NuSTAR observa-
tion (May 11). The above uncertainties and the variable
pulse profile (see below) did not allow us to coherently
phase the NICER and NuSTAR observations. These
period measurements imply an upper limit on the spin
period derivative of |P˙ | < 6 × 10−11 s s−1 (3σ c.l.), a
factor of about four above the value inferred during the
2014 outburst (Israel et al. 2016).
Fig. 1 shows the pulse profiles at the different epochs
and as a function of energy. The profile shape varies
considerably in time, changing from quasi-sinusoidal on
April 29-30 to double-peaked on May 2 and 11 (the sep-
aration between the two peaks is about half rotational
cycle). The profile shape is also highly variable with
energy in the NuSTAR data sets, the second peak (at
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Figure 1. Left: Energy-resolved background-subtracted pulse profiles of SGR 1935 extracted from NICER and NuSTAR data.
The profiles at the different epochs have been aligned so as to have the pulse minimum at phase 0. The best-fitting models
obtained by using two (for NICER) and three (NuSTAR) sinusoidal components (fundamental plus harmonics) are shown with
gray lines. The corresponding pulsed fractions are reported in each panel. Right-top: Temporal evolution of the blackbody
temperature (top), radius (middle), and observed flux in units of 10−11 erg cm−2 s−1 (0.3–10 keV; bottom). The dashed line
denotes the epoch of the first BAT trigger (MJD 58966.7683; Palmer & BAT Team 2020). The dashed-dotted line marks the
epoch of the two bright radio bursts (MJD 58967.6072; The CHIME/FRB Collaboration et al. 2020; Bochenek et al. 2020). The
solid line in the bottom panel marks the quiescent flux, ∼ 4× 10−13 erg cm−2 s−1. Right-bottom: Broad-band unfolded spectra
extracted from the quasi-simultaneous Swift/XRT and NuSTAR data on 2020 May 2 and 11. The best-fitting model is plotted
with a solid line. We show only the FPMA spectra for displaying purpose. The bottom panel shows the post-fit residuals in
units of standard deviations.
phase ∼0.6–0.7) being more prominent above 5 keV and
dominating above 10 keV in the first observation.
The background-subtracted pulsed fraction (defined
as the semi-amplitude of the sinusoidal functions de-
scribing the pulse divided by the source average count
rate; Fig. 1) decreased by a factor of ≈ 3 between May
2 and 11 (in the 3–5 and 5–10 keV ranges; see Fig. 1).
No pulsations were detected over the 10–20 keV band in
the second NuSTAR observation, and we set a 3σ upper
limit on the pulsed fraction of ∼15%.
3.2. Spectral analysis
The spectral analysis was performed with the xspec
fitting package. We adopted the Tbabs model (Wilms
et al. 2000) to describe the photoelectric absorption by
the interstellar medium. The NuSTAR and NICER
background-subtracted spectra were grouped in at least
50 and 20 counts per bin, respectively. The Swift/XRT
spectra were grouped according to a minimum number
of counts variable from observation to observation.
We started the spectral analysis by fitting all the
Swift/XRT spectra jointly with an absorbed blackbody
model. The hydrogen column density was tied across all
data sets, yielding NH= (1.4 ± 0.1) × 1022 cm−2. We
obtained a reduced chi-square χ2ν= 1.24 for 132 degrees
of freedom (dof). We fit the NICER spectra simulta-
neously, adopting the same model and fixing NH to the
above-mentioned value. To avoid covariance between
the values of the blackbody temperature and normaliza-
tion, due to the limited energy band adopted for NICER
spectra (1–5 keV), we tied up the temperature across all
data sets in the joint fit except for the first one (χ2ν=
1.02/486 dof).
The blackbody temperature reached a value of
kTBB = (1.6±0.1) keV ∼75 min after the first BAT trig-
ger on April 27 at 18:26:20 UT (Palmer & BAT Team
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Time (hours since 2020 Apr 27 00:00:00 TDB)
0
10
Cn
t/s
Swift/XRT ID.00968211001
Figure 2. Light curves of SGR 1935 extracted from the Swift/XRT (0.3–10 keV), NuSTAR (3–79 keV) and NICER (0.3–10 keV)
data in which we detected bursts (marked by red arrows). The light curves were binned at 15.625 ms in all cases except for the
data of the first Swift/XRT PC-mode observation (ID. 00968211001), binned at 2.5073 s.
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2020). It decreased to 0.89+0.07−0.06 keV in the following
day, and attained values in the range 0.6–0.7 keV over
the last ∼10 days of our monitoring (Table 1; Fig. 1).
During the first ∼20 days of this new active phase,
the observed flux dropped from (4.4 ± 0.2) × 10−11 to
(1.7 ± 0.3) × 10−12 erg cm−2 s−1 (0.3–10 keV; Table 1;
Fig. 1). These values translate into a luminosity of
(2.5 ± 0.1) × 1035 and (1.4 ± 0.2) × 1034 erg s−1 (0.3–
10 keV), respectively. An XRT observation performed
on April 23 (only 4 days prior to the outburst onset)
found SGR 1935 in quiescence with net count rate of
0.012 ± 0.002 counts s−1 (0.3–10 keV), corresponding
to an observed flux of ∼ 4 × 10−13 erg cm−2 s−1 and
a luminosity of ∼ 4 × 1033 erg s−1 (assuming an ab-
sorbed blackbody spectrum with kTBB = 0.5 keV, NH
= 1.4× 1022 cm−2).
Fig. 1 shows the spectra extracted from nearly simul-
taneous NuSTAR and Swift/XRT data. The broad-
band spectrum is well described by an absorbed black-
body model plus a power-law component accounting
for the emission above 10 keV (NH was again fixed to
the above-mentioned value). For the first epoch (May
2), the best-fitting values are: kTBB = 0.63
+0.07
−0.06 keV,
RBB = 0.67
+0.28
−0.14 km, and photon index Γ = 1.16± 0.06
(χ2ν= 1.06/146 dof). For the second epoch (May 11), we
derived kTBB = 0.59 ± 0.05 keV, RBB = 0.67+0.22−0.13 km
and Γ = 1.20 ± 0.06 (χ2ν= 0.9/145 dof). The ob-
served fluxes were (6.8 ± 0.1) ×10−12 and (5.8 ± 0.1)
×10−12 erg cm−2 s−1 (0.3–25 keV), chronologically, giv-
ing luminosities of (3.79 ± 0.07) ×1034 and (3.23 ± 0.07)
×1034 erg s−1. At both epochs, the power-law compo-
nent accounted for ∼85% of the total observed flux and
its luminosity varied from (3.14 ± 0.08) ×1034 to (2.78
± 0.07) ×1034 erg s−1 (0.3–25 keV).
3.3. Burst search and properties
We inspected the light curves of all observations for
the presence of short bursts. Our search algorithm esti-
mates the Poisson probability for an event to be a ran-
dom fluctuation, considering the total number of time
bins N . We applied this algorithm to light curves binned
with different time resolutions (2−4, 2−5 and 2−6 s) to
be sensitive to bursts of different duration, except for
the Swift/XRT PC-mode event files that were binned at
the available timing resolution (2.5073 s). Bins having
a probability smaller than 10−4(NNtrials)−1 are iden-
tified as bursts (Ntrials is the number of different time
resolutions adopted for the search). In Table 2, we re-
port the epochs of the bursts referred to the Solar sys-
tem barycenter. Fluence and duration are given for the
bursts detected in the NICER and NuSTAR data sets.
Their light curves are shown in Fig. 2. We do not report
on the more than 100 short bursts detected in the first
NICER observation (Obs. ID 3020560101; Younes et al.
2020) due to the complex light curve and instrument
saturation problems.
We extracted the spectra only for those events
with at least 30 net counts, that is, two bursts de-
tected in the NuSTAR observations (80602313002 #4
and 80602313004 #1 in Table 2). We adopted the
Cash statistics and fitted the spectra using single-
component models (a power-law, a blackbody and a
bremsstrahlung). The blackbody and power-law model
fits gave a satisfactory description for both events with a
goodness probability1 of ∼55% and ∼40%, respectively.
For the blackbody model, we derived a temperature
equivalent to (2.9 ± 0.5) keV for 80602313002 #4 and
(3.9 ± 0.7) keV for 80602313004 #1. The correspond-
ing fluxes were (1.0 ± 0.3) × 10−8 and (1.8 ± 0.6) ×
10−8 erg cm−2 s−1 in the 3–79 keV energy range, con-
verting to luminosity of (5.3 ± 1.5) × 1037 and (9.3 ±
3.1) × 1037 erg s−1.
4. DISCUSSION
Since its discovery in 2014, the magnetar SGR 1935
has been a prolific source, showing numerous X-ray out-
bursts and frequent bursting activity. We presented here
the results of an intensive X-ray monitoring campaign
of this source over about three weeks since the end of
April 2020, when it emitted a forest of X-ray bursts,
and two bright radio millisecond bursts with character-
istics strongly reminiscent of FRBs (The CHIME/FRB
Collaboration et al. 2020; Bochenek et al. 2020).
1. Spin period and pulse profiles. We detected the
source spin period in a NICER observation on April
29–30, and in both NuSTAR data sets on May 2 and
11. Unfortunately, the spacing between the few detec-
tions, and the uncertainties on the periods, prevented
us from extracting a phase-connected timing solution.
The spin period measurements at the different epochs
allowed us to set an upper limit on the period derivative
of |P˙ | < 6×10−11 s s−1 (at 3σ c.l.). This limit is compat-
ible with the spin-down rate of P˙ ∼ 1.43 × 10−11 s s−1
derived by Israel et al. (2016) in 2014, using a phase-
connected timing analysis.
The double-peaked morphology of the NuSTAR pulse
profiles is markedly different from the quasi-sinusoidal
modulation observed in the NICER observation a few
days before and in previous X-ray observations of the
source (Israel et al. 2016). Timing noise and large pulse
1 https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node84.
html
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profile changes (in time and energy) are common during
magnetar outbursts (Rea & Esposito 2011), especially
following X-ray bursting activity. The magnetar mag-
netosphere is subject to rapid changes before setting to
a new quiescent configuration, which are responsible for
the fast profile variations especially in the hard X-rays,
where the emission is dominated by nonthermal pho-
tons. These changes might also lead to the formation
of new bundles and hot spots on the surface, modifying
the pulse profile also in the soft X-ray range.
2. Luminosity, spectral evolution, and bursting activ-
ity. About three days before its reactivation, SGR 1935
was observed by Swift/XRT at a luminosity of 4 ×
1033 erg s−1. Following the source reactivation, the
X-ray luminosity reached a peak value of ∼2.5 ×
1035 erg s−1 (0.3–10 keV), making this event the most
powerful outburst so far detected from SGR 1935. The
luminosity then dropped by more than one order of mag-
nitude, down to ∼1.4 × 1034 erg s−1 about three weeks
later. However, this is still a factor ∼3 larger than
the pre-outburst level. A similar rapid decay pattern
was also observed for the strong outburst occurred in
May–June 2016 (Younes et al. 2017b) and, overall, is
not uncommon for magnetars in outburst (Coti Zelati
et al. 2018). During the entire monitoring, SGR 1935
showed a thermal spectrum in the soft X-rays well de-
scribed by an absorbed blackbody model quickly cooling
from a temperature of (1.6±0.1) keV to ∼0.6–0.7 keV.
This spectral evolution is different from that observed
in the previous outbursts, where the spectrum was bet-
ter described either by a double-blackbody model or
a blackbody-plus-power-law model, and the luminosity
decay could be ascribed to the evolution of the hot black-
body or the power-law component (Younes et al. 2017b).
Emission was detected up to ∼25 keV in our NuS-
TAR observations. The spectral shape was identical
at the two epochs, and was adequately modelled by a
power law model with index Γ ∼ 1.2 and luminosity
∼ 4 × 1034 erg s−1 (extrapolated to the 10–50 keV en-
ergy range). Hard X-ray emission from SGR 1935 was
seen also in a NuSTAR pointing performed ∼ 5 days
after the 2015 outburst onset. In that case, the high-
energy spectrum could be described by a slightly harder
power-law component (Γ ∼ 0.9) with a lower luminosity,
∼1 × 1034 erg s−1 (10–50 keV; Younes et al. 2017b).
The bursting activity of SGR 1935 during this new
outburst is not dissimilar from that previously observed
in this and other magnetars. However, such activity is
not so prolific in all magnetars, and it is expected to
depend on the age of the source and the tangled configu-
ration of its magnetic field (Perna & Pons 2011; Vigano`
et al. 2013). A very rough proxy for it is provided by
the quiescent X-ray luminosity, which is predicted to
be higher in magnetars with a more tangled and pow-
erful magnetic field in the crust, since they are subject
to larger crustal currents and B-field crustal dissipa-
tion (see Fig. 3). A significant anti–correlation between
magnetar quiescent luminosities and their luminosity
increases in outburst was observed (Pons & Rea 2012;
Coti Zelati et al. 2018), suggesting the existence of a
limiting luminosity of ∼ 1036erg s−1 for magnetar out-
bursts (regardless of the source quiescent level), which
holds also for the case of SGR 1935.
3. Comparison with other magnetars and FRBs. Com-
paring the short X-ray bursts and outburst emitted by
SGR 1935 with those of the other Galactic magnetars,
they are perfectly in line with the expectations, and
there is nothing in the X-ray emission properties of
this magnetar that would make it peculiar in any as-
pect (Coti Zelati et al. 2018). However, the detection
of radio bursts simultaneous with a bright magnetar-
like burst (The CHIME/FRB Collaboration et al. 2020;
Bochenek et al. 2020; Mereghetti et al. 2020) showed for
the first time that magnetar bursts might have bright
radio counterparts. This result is particularly inter-
esting in the context of the physical interpretation of
FRBs, bright ms-duration transients coming from dis-
tant Galaxies. Their brightness temperatures imply a
coherent radio emission, inevitably connecting them to
pulsars. Several repeating FRBs have been discovered
(Spitler et al. 2014, 2016), reinforcing their proposed in-
terpretation in terms of young bursting magnetars in
other galaxies (e.g., Popov & Postnov 2013; Margalit
et al. 2020, and references therein).
Radio pulsed emission was so far restricted to five
magnetars (see Fig. 3). Such emission is at variance with
the typical radio pulsar emission, and it is always con-
nected to some extent with the magnetar X-ray activa-
tion. However, similarly to radio pulsars, all radio-loud
magnetars have a large spin-down power compared to
their radio-quiet siblings, and quiescent X-ray luminos-
ity below their rotational power (with the exception of
XTE J1810−197; Rea et al. 2012a; Coti Zelati et al. 2018
and Fig. 3). SGR 1935 has a high rotational power, but
so far it did not show any radio pulsations (Younes et al.
2017b; Lin et al. 2020b), while surprisingly emitting ra-
dio bursts during the outburst we report here. From
the study of the bursting activity of this source, it be-
comes clear that: 1) not all X-ray magnetar bursts have
necessarily a radio counterpart (see also Archibald et al.
2020), and 2) many radio bursts from magnetars might
have been missed due to the lack of large field-of-view
8 A. Borghese et al.
10 1 100 101
Surface dipolar magnetic field (1014 G)
10 2
10 1
100
101
102
103
Qu
ie
sc
en
t X
-ra
y 
lu
m
in
os
ity
 (1
03
3  e
rg
 s
1 )
SGR1627-41
1E2259+586
XTEJ1810-197
SGR1806-20
CXOUJ1647-4552
SGR0501+4516
1E1547-5408
SGR0418+5729
SGR1833-0832
SwiftJ1822.3-1606
SwiftJ1834.9-0846
1E1048.1-5937
SGR1745-2900
SGR1935+2154
1E1841-045
SGR1900+14
4U0142+614
1RXSJ170849.0-4009
CXOUJ010043.1-721
CXOUJ171405.7-3810
SGR0526-66
PSRJ1119-6127
PSRJ1846-0258
PSRJ1622-4950
Swift1818.0-1607
RXJ0420.0-5022
RXJ1856.5-3754
RXJ2143.0+0654
RXJ0720.4-3125
RXJ0806.4-4123
RXJ1308.6+2127
RXJ1605.3+3249
Magnetar-like emission
Thermally emitting (XDINS)
10 4
10 2
100
102
104
Sp
in
 d
ow
n 
lu
m
in
os
ity
 (1
03
3  e
rg
 s
1 )
Figure 3. Quiescent X-ray luminosity of magnetars as a
function of their dipolar magnetic field at the pole. Circles
denote radio-loud magnetars, either in the form of bursts
(SGR 1935; in bold) or pulsed emission (other sources).
Markers are color-coded according to the spin-down power of
each source. Values are from the Magnetar Outburst Online
Catalogue (http://magnetars.ice.csic.es/; Coti Zelati et al.
2018), with updates for PSR 1622−4950, SGR 1806−20 and
Swift J1818.0−1607 (Camilo et al. 2018; Younes et al. 2017a;
Esposito et al. 2020).
instruments in the radio band. Hence, it might be a
common characteristic after all. Future detections will
shed light on these ms-radio bursts, their connection
(or not) with faint radio pulsations (i.e. bright single
pulses), their preferred X-ray burst counterparts. Popu-
lation synthesis studies will allow a comparison between
their rates and luminosity distributions and those ob-
served in FRBs.
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